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ABSTRACT 

Th i s  r e p o r t  contains  r e s u l t s  of pressure  tes ts  of the 
0.04 s c a l e  Apollo model PS-4. The tests were conducted i n  
t h e  Arnold Center VKF Hotshot I1 tunnel  a t  a Mach number of 
19.5. 

Pressure c o e f f i c i e n t s  and pressure  r a t i o  data are 

Analysis and 

given f o r  a l l  v a l i d  runs.  
tunnel  test data only, In order  t o  make the test r e s u l t s  
a v a i l a b l e  a t  the earliest poss ib l e  da te .  
sumnary of r e s u l t s  w i l l  be repor ted  later under separate 
cover. 

This r e p o r t  p re sen t s  bas ic  wind 
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I . INTRODUCTION 

Hypersonic wind tunnel tests of the 0.04 scale Apollo 
pressure model PS-4 were conducted to investigate the pres- 
sure distributions on the command module for determining 
aerodynamic loads during entry at a Mach number of 19. 

The command module was tested through an angle of 
attack range of 120° to 180". 

Pretest information was given in Reference (b). 

-1- 
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11. REMARKS 

In order to obtain pressure distributions on the Apollo 
command module, pressures were measured at 35 locations on 
the surface of the model. Since the command module is 
symmetrical about the pitch plane the pressure orifices were 
primarily located on one half of the model. 
installed in the model at each orifice were used to measure 
the pressures. 
runs of the test, however, due to the spacing of the pressure 
orifices, this one pressure reading was not considered 
critical to the Final results of the data. 

Transducers 

One transducer was inoperative during six 

Accuracy of the final data is +5$. 

-2- 
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111. MODEL DESCRIPTION 

A .  General 

The model i s  a 0.04 s c a l e  r ep resen ta t ion  of the 
Apollo command module mounted on a s t i n g  i n  a p o s i t i o n  
so as t o  p l ace  the blunt  f a c e  forward. Ir. o r d e r  t o  
cover the desired range of angle  of attack of  120' t o  
180" the s t i n g  which is an i n t e g r a l  part of the model 
i s  a t  a n  angle  of approximately 10' t o  the c e n t e r  l i n e  
of the model. Through the use of a s t ra ight  s t i n g  
adapter, a 30' o f f s e t  adapter, and the s e c t o r  p i t c h  
range of 30°, one model w a s  used t o  cover the desired 
ang le  of a t t a c k  range. 

The model had 35 p res su re  o r i f i c e s  dis t r ibuted 
over  i t s  su r face  on both the b lun t  f a c e  and the conica l  
s ec t ion .  

The s t r u c t u r a l  i n t e g r i t y  of the model i s  analyzed 
i n  Reference (a) ,  and the model design drawings are 
l i s t ed  i n  Sec t ion  V of t h i s  r e p o r t .  

- 3- - s1D-62-930 
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111. MODEL DESCRIPTION - continued 

B. Instrumentat ion 

Pressures  were measured a t  each o r i f i c e  us ing  low 
impedance, v a r i a b l e  re luc tance ,  wafer gage t ransducers  
i n s t a l l e d  i n  the model. The model is a p res su re  t i g h t  
shell  capable of being evacuated t o  provide a re ference  
p res su re  f o r  t h e  t ransducers .  A Hastings tube-type 
DV-3 gage was also i n s t a l l e d  i n  the  model t o  record  
the r e fe rence  pressure  which was held cons tan t  during 
a run. 

-4- - sm-62-930 
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111. MODEL DESCRIPTION - continued 

C. Model Nomenclature and Fu l l  Scale Dimensions 

Command Module C2 

Description: Command module with 9.13" nose cone 
vertex rad ius  

Previous Tests: None 

Drawing No. : 7121-01159(-2), (-3) 

Ful l  Scale Dimensions : 

Maximum diameter, i n .  
Radius of spherical  blunt  end, in .  
Corner radius ,  i n .  
Nose cone semi-angle, deg. 
Nose cone ver tex radius ,  i n .  

153.88 
184.80 

7.70 
33-00 
9-13 

- 5- 

SID-62.930 - 



N O R T H  A M E R I C A N  AVIATION,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

111. MODEL DESCRIPTION - continued 

D. Configuration Sketch 

Command Module (C2) 

- '42.1 - 
Dimensions f u l l  scale, inches 
Drawing not  t o  s c a l e  

-6- 
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Iv. TEST PROCEDURE 

A.  T e s t  Nomenclature 

MO = Free stream Mach number 

Vo = Free stream veloc i ty- fps  

R e  = Model Reynolds number 

P = Local o r i f i c e  pressure-ps i  

PO = Free stream s t a t i c  pressure-ps l  

qo = Free stream dynamic p res su re -ps i  

Ho = Reservoir  pressure  (max.)-psi 

TTo = Reservoir  temperature (max.)-OK 

PT2 = Tota l  pressure  behind a normal shock-psi 

Cp = PPessure c o e f f i c i e n t  = P - PO 
90 

s = Distance t o  o r i f i c e  from c e n t e r  of po in ted  end of 
model measured along su r face  of model, p o s i t i v e  on 
windward s i d e  

r = Radius of command module a t  maximum s e c t i o n  

A = Angle o f  plane of ins t rumenta t ion  r e l a t i v e  t o  p i t c h  
p lane  

a = Angle of attack of model,== 0 when poin ted  end 
of command module f a c e s  airstream 

-7- 
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IV. TEST PROCEDURE - continued 

B. Model I n s t a l l a t i o n  

I n  o rde r  t o  cover the range of  angle  of a t t a c k  
of 120" t o  180" w i t h  one model and a wind tunnel  s e c t o r  
wi th  a range of -12' t o  +20°, use  was made of s t ra ight  
and 30" o f f s e t  s t i n g  adapters. The s t i n g ,  which i s  
and i n t e g r a l  p a r t  of the model, e n t e r s  the model a t  
an  angle  of 10.25O t o  the model cen te r  l i n e .  

The ske tch  below shows the o r i e n t a t i o n  of  the 
pressure  o r i f i c e s  with the model a t  an  angle  of a t t a c k  
less than  180". 

\=/' 
\ 

- -8- 
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IV. TEST PROCEDURE - continued 

C.  Instrumentat ion 

Pressures  on the su r face  of the model were 
measured using wafer gage t ransducers  mounted i n s i d e  
the  model. The output of the t ransducers  was recorded 
on two osc i l l og raphs  and the p res su res  were then hand 
computed. The in s ide  of the  model was evacuated and 
held constant  during a run i n  o rde r  t o  provide a 
re ference  p res su re  f o r  the t ransducers .  

The range of t ransducers  used during the t e s t  
were 0.5 p s i  and 3.0 p s i .  The t ransducers  were c a l i -  
b ra ted  p r i o r  t o  each run. 
page shows the l o c a t i o n  of each pressure  o r i f i c e  and 
the range of t ransducer  used a t  each o r i f i c e .  The 
t ransducer  a t  o r i f i c e  number 67 was inoperative f o r  
runs 1240 through 1245.  

The ske tch  on t h e  fol lowing 

-10- 



N O R T H  A M E R I C A N  AVIATION,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION - 
I 
IV. TEST PROCEDURE - continued 

C. Instrumentation - continued 
A# 

p# * p #  

0 = 3.0 p s i .  transducers 
= 0.5 p s i .  transducers 
= Angle of plane of instrumentation r e l a t i v e  t o  

p i t c h  plane 
s = Distance t o  o r i f i c e  from center  OF pointed end 

measured along surface of module, pos i t i ve  on 

s/T 

windward side 
r = Radius of command module a t  maximum 

p# = Pressure o r i f i c e  number 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

::LE 
-1.799 
-1.899 
-1.986 
-2.171 
-2 353 
-2.531 
-2.708 
-2.883 

23 ,704 
25 1.479 
26 1.799 
27 1.899 
29 2.171 
31 2.531 

66 -1.799 
13 2.883 

67 -1.899 
69 -2.171 

71 13 -2*521 -2.8 3 
c 

sect ion 

49 2.171 

13 2.883 
51 2 531 

129 -2.171 

-11- 
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I V .  TEST PROCEWRE 

D. Data Reduction 

Oscillograph data were read every 10 t o  12 milliseconds and 
pressures were hand computed. Stagnation pressure behind a normal 
shock ( P T ~ )  was determined by averaging t h e  t o t a l  pressure measured 
on two probes near the model and a pressure measured on the  model, 
near t he  stagnation point, corrected t o  stagnation conditions using 
modified Newtonian Theory. The corrected model pressure was used 
when the  average of t h e  three pressure measurements deviated more 
than one t o  two per cent from the  corrected model pressure. 
I r r egu la r i t i e s  i n  the  flow across the  t e s t  sect ion measured by t h e  
probes caused these deviations. It was necessary t o  use t h e  probe 
pressures a t  120" angle of a t t ack  since t h e  locat ion of the  o r i f i c e s  
on the  model and t h e  sharp curvature of t h e  model at the  corner d id  
not allow accurate determination of t he  Newtonian correction fac tor .  
The personnel of AEDC at the  Hotshot I1 tunnel fee l  t h a t  t h e  above 
method is  t h e  bes t  t o  be used i n  determining P T ~  because of t he  
i r r egu la r i t i e s  of the  flow i n  the  t e s t  section and the  accuracy of 

5 per cent of t he  data gathering system. 

Arc chamber conditions and t h e  stagnation pressure behind a 
I 

Free stream dynamic pressure obtained from t h i s  
normal shock ( P T ~ )  were used i n  a d i g i t a l  program t o  compute test 
sect ion conditions. 
program w a s  used t o  hand compute pressure coeff ic ients  f o r  each 
o r i f i c e  on t h e  model. 

- 12 - 
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Figure 1. Apollo PS-4 Model I n s t a l l a t i o n - S i d e  Vi,..; 
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Figure 2. Apollo PS-4 Model Installation-Front V l e w  
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